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Summary
The effects of a diet supplemented with oregano essential oil on performance, oxidative status, pork quality traits
and sensorial properties were evaluated. In two studies, 72 pigs in indoor or outdoor conditions were assigned to
either a control diet or an identical diet supplemented with 0.2% oregano essential oil. Pigs reared outdoor
showed lower live weight, average daily gain and average gain:feed ratio compared to indoor pigs. The oregano
supplementation improved the growth performance of the outdoor- but not the indoor-reared animals. The
serum oxidative status was influenced by the diet. A higher oxidative stability was observed in the oregano-
supplemented groups. As for the rearing conditions, the data suggest that after an initial adapting period, the
free-range farming systems could be better tolerated by pigs. Meat derived from pigs reared outdoor showed
higher pH and a* values. Lightness was influenced by both the diet and the rearing conditions. The control group
reared indoor showed shear force values higher than both supplemented groups, while no differences were
detected with the control group reared outdoor. In the consumer test performed under blind conditions, the ore-
gano groups achieved higher consistency scores compared with the control. Under informed conditions, the meat
derived from the oregano-supplemented pigs reared outdoor received the highest scores for consistency and
overall liking regardless of the rearing system. The same result for the overall liking score was obtained in the
expectation test. The data obtained showed that dietary oregano essential oil can be effective in reducing perfor-
mance losses due to the outdoor-rearing system, increasing the oxidative status of the animal and oxidative sta-
bility of the meat, without modifying the meat quality traits and improving consumer perceptions of the meat
quality.
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Introduction
Animal-friendly farming systems are increasing in
Europe for both milk and meat production, and out-
door rearing is considered best for reducing animal
stress and increasing welfare through the improve-
ment of animal exercise (Millet et al., 2005). In pork,
the outdoor-rearing system is considered to have ben-
eficial effects also in the occurrence of meat alterations
such as PSE and DFD conditions (Edwards, 2005).
However, some negative aspects may be present due
to additional energy requirement for heat production,
especially during the winter period (Honeyman,
2005). Furthermore, exercise may influence the
oxidative status of the muscle, and therefore, antioxi-
dant supplements are commonly used to counteract
the oxidative stress of exercise. The improvement of
the oxidative status of the muscle may have a benefi-
cial role also for meat and meat products (Ranucci
et al., 2015). Different natural antioxidant com-
pounds are currently used as feed supplements
(Windisch et al., 2008; Ranucci et al., 2013; Branciari
et al., 2015a,b), but their use has been reported
mainly for indoor-reared animals. Among these, ore-
gano dietary supplementation has been studied in
intensively reared pigs (Janz et al., 2007; Simitzis
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et al., 2010), but no data are available on its effects in
outdoor- or free-range-reared animals.
We hypothesize that dietary oregano essential oil
can effectively reduce performance losses related to
the outdoor-rearing system, increase animal welfare




An identical experiment was performed during two
consecutive years: from June 2012 to January 2013
and from June 2013 to January 2014; 36 Suffolk male
hybrid pigs were reared in a farm located in Central
Italy (Umbria Region). The animals were divided into
four groups of nine pigs each (three pigs per pen –
experimental unit) balanced for live weight (LW) and
according to a 2 9 2 9 2 experimental design: two
rearing systems, outdoor (approximately 280 m2/pig
in outdoor pens provided with huts for shelter) and
indoor (2 m2/pig in a building with natural ventila-
tion and wheat straw for bedding); two dietary treat-
ments, control diet (commercial pelleted diet, CTR)
and oregano-supplemented diet (CTR supplemented
with 0.2% oregano essential oil, O); and two consecu-
tive years (2012–2013 and 2013–2014). The two diets
were isonitrogenous and isoenergetic and met the
NRC (1998) nutrient recommendations for pigs. The
composition of the feeds is presented in Table 1.
Pigs were fed using a 2-period feeding programme:
an early finisher diet (from the initial LW to 100 kg
LW) and late finisher feed (from 100 kg LW to slaugh-
tering). During the first 35 days of the experiment
(adaptation period – T0), all groups of pigs were fed
the CTR diet.
Throughout the two experiments, the natural pho-
toperiod (43°110 northern latitude and 12°610 eastern
longitude) was maintained for both outdoor and
indoor pigs. Minimum and maximum temperatures in
July and January were 13.2–40.6 °C and 3.5–
16.1 °C, respectively, whereas the relative humidity
ranged from 55.5% to 90.3%. Mean wind speed at
animal level ranged from 9 to 39 km/h in July and
from 6 to 41 km/h in January. The average rainfall
was 48 and 120 mm in July and December respec-
tively (average rainfall per year: 901 mm). The cli-
matic classification of the area according to Kottek
et al. (2006) is Cfa (warm temperate climate, fully
humid, with hot summer).
The animal care procedures were in accordance
with the European recommendations (Directive 2010/
63/EU) for the protection of animals used for scientific
purposes and were approved by the Council of the
Pathology, Diagnostics and Veterinary Clinics Depart-
ment, University of Perugia (board minutes no. 8 of
28 June 2010).
Feed analyses
Samples of the feeds were collected weekly during the
trial. The chemical composition (crude protein, crude
fat and ash) was determined according to AOAC
Table 1 Ingredients (% as fed basis) and chemical composition (g/100 g,
unless otherwise indicated) of the control diet (CTR) and of the diet inte-











Grain corn flour 40.6 41.2 40.4 41.0
Wheat flour middlings 25.0 25.0 25.0 25.0
Soybean meal 14.8 11.9 14.8 11.9
Wheat middlings 8.0 8.9 8.0 8.9
Grain barley flour 6.0 8.0 6.0 8.0
Mineral and vitamin premix* 2.6 2.5 2.6 2.5
Sugar cane molasses 2.0 2.5 2.0 2.5
Soybean oil 1.0 – 1.0 –
Oregano essential oil – – 0.2 0.2
Analysed nutrients
DM 87.08 87.24 87.74 87.40
CP 18.27 16.75 18.37 16.50
CF 4.24 4.79 4.66 5.11
Ash 5.79 5.40 5.92 5.40
NDF 18.19 15.14 17.88 15.79
ADF 4.72 4.53 4.70 4.30
Lignin (sa)† 1.27 1.61 0.99 1.59
Lysine 1.05 0.96 1.06 0.93
Methionine 0.30 0.20 0.32 0.22
Ca 0.69 0.64 0.64 0.61
P 0.62 0.55 0.64 0.56
Digestible energy (MJ/kg)‡ 14.34 15.02 14.44 14.95
DM, dry matter; CP, crude protein; CF, crude fat; NDF, neutral detergent
fibre; ADF, acid detergent fibre.
*Mineral and vitamin premix provided per kg of: a) Early finisher: 30 mg
Mn; 260 mg Fe; 23 mg Cu; 100 mg Zn; 0.25 mg Se; 2.1 mg I; 0.52 mg
Co; 10 kIU vitamin A; 2 kIU vitamin D3; 65 mg vitamin E; 21 mg vitamin
K3; 15.6 mg vitamin B1; 15.6 mg vitamin B2; 15.6 mg vitamin B6;
0.03 mg vitamin B12; 0.16 mg Biotin; 260 mg vitamin B3; 26 mg pan-
tothenic acid; 1 mg folic acid; 750 FYT 6-phytase; 200 FXU endo-1,4-b-
xylanase; and 598 mg choline. b) Late finisher: 30 mg Mn; 164 mg Fe;
23 mg Cu; 100 mg Zn; 0.25 mg Se; 1.5 mg I; 0.5 mg Co; 8 kIU vitamin
A; 1.5 kIU vitamin D3; 80 mg vitamin E; 20 mg vitamin K3; 15 mg vitamin
B1; 15 mg vitamin B2; 15 mg vitamin B6; 0.03 mg vitamin B12; 0.1 mg
Biotin; 25 mg vitamin B3; 10 mg pantothenic acid; 0.50 mg folic acid;
750 FYT 6-phytase; 1000 FXU endo-1,4-b-xylanase; and 500 mg choline.
†Lignin determined by solubilisation of cellulose with sulphuric acid.
‡Digestible energy estimated according to Noblet and Shi (1993).
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methods (AOAC, 2000). Neutral detergent fibre
(NDF), acid detergent fibre (ADF) and lignin (sa) were
determined according to Van Soest et al. (1991), and
the NDF and ADF values are expressed inclusive of
ash. The phosphorous and calcium concentrations
were determined following AOAC (1996) and Jul-
shamn et al. (1998) respectively.
Pig performance measurements
Individual LW of the pigs was recorded after the adap-
tation period (35 days - T0) and at 77 days (T1),
150 days (T2) and at the end of the experiment
(220 days, T3). At T3, the average daily gain (ADG)
and gain:feed ratio were calculated for each pen. The
pigs were transported to a slaughterhouse and killed
by bleeding after electrical stunning. Immediately
after slaughter, the carcasses were weighed (hot car-
cass weight, HCW) and then stored in a chilling room
at 4 °C for 24 h.
Pig oxidative status in blood serum and muscle
Blood serum samples were collected at T1, T2 and T3
from all the animals of each group in each year
(n = 72). Samples were withdrawn into a vacutainer
without anticoagulant, by jugular vein puncture and
submitted to the department laboratory for the evalu-
ation of antioxidant species (AOP) in the sera and pro-
oxidant reactive oxygen metabolites (ROMs) as
described by Ranucci et al. (2015).
Glutathione peroxidase (GSHPx, U/ml) and glu-
tathione reductase (GR, mU/ml) enzymatic activities
were evaluated in tissue (longissimus dorsi muscle,
LD) homogenates using commercial kits (Glu-
tathione Peroxidase Reductase Assay Kit and Glu-
tathione Reductase Assay Kit, Trevigen,
Gaithersburg, MD, USA). For these analyses, sam-
ples were obtained by cutting a tissue cube (1 cm
9 1 cm 9 1 cm) from one slice (1.5 cm thick) from
the 1st to 2nd lumbar region of six carcasses/group
after slaughtering. The analytical methods used are
described in Ranucci et al. (2015). The results of
the enzyme activities (U/ml or mU/ml for GSHPx
and GR respectively) were divided by the protein
concentration of the sample (expressed in mg/ml),
as reported by Anuradha and Chatterjee (1988) and
Mercier et al. (2004), to obtain enzyme activities
expressed in U/mg or mU/mg of protein.
To determine the effects of the experimental diets
on the oxidative stability in the meat, thiobarbituric
acid reactive substances (TBARS) were evaluated in
the LD muscle samples after storage for 2 weeks
(22 °C) according to Tarladgis et al. (1960). TBARS
were expressed as mg malonaldehyde/kg meat.
Meat quality
The pH was measured in the LD muscle of all the ani-
mals using a penetrating electrode connected to a por-
table pH-meter (Mod SG2, Mettler Toledo AG,
Schwerzenbach, CH) after 45 min and after 24 h of
chilling. Meat samples were then collected from LD
muscle from the 1st to 2nd lumbar vertebra from all
the carcasses for each group of each year (n = 72).
The samples were promptly transported to the labora-
tory and underwent to colour measurement (CIE L*
a* b* colour system, 1976) with a Minolta Chro-
mameter CR400 (Minolta, Osaka, Japan), drip loss,
cooking loss and Warner-Bratzler shear force determi-
nations, as described by Ranucci et al. (2015), and
chemical composition, formerly moisture, lipid, pro-
tein and ash contents were determined according to
Association of Official Analytical Chemists (AOAC)
(2000).
Sensory analysis
The consumer tests were performed at the Depart-
ment of Veterinary Medicine, University of Perugia.
The tests were planned to be performed in three dif-
ferent sessions under different conditions (blind,
expected and informed), 1 week apart, on samples of
LD. Vacuum-packed loins (2.5 kg) were defrosted for
36 h at 4 °C. The muscle was placed on steel trays
covered with aluminium foil and oven cooked at
170 °C (10% relative humidity) for 2 h to reach an
internal temperature of 71.1 °C, measured using a
thermometer with a handheld probe (TES-1300, TES
Electrical Electronic, Taipei, Taiwan). Samples of
2 9 2 9 2 cm were cut and kept warm until the exe-
cution of the tests.
For each session, 110 regular meat consumers (aged
18–65, 50 females and 60 males) were used. A nine-
point hedonic scale (from 1, ‘dislike extremely’ to 9,
‘like extremely’) was used for the three tests, and all
the consumers participated in a practicing session
before the tests to become familiar with the method
(Branciari et al., 2014).
During the blind test, one sample was monadically
served as described by Ranucci et al. (2015) to each
consumer. Participants received no information and
were asked to rate sensory attributes (colour, taste,
consistency and overall liking).
In the second session, the expectation test, the con-
sumers were asked to express their liking expectation
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from pork meat after the following information
regarding the animal diet and rearing system were
communicated: (i) meat was from a pig fed a commer-
cial diet and reared indoor; (ii) meat was from a pig
fed a commercial diet and reared outdoor; (iii) meat
was from a pig fed a diet enriched with oregano and
reared indoor; and (iv) meat was from a pig fed a diet
enriched with oregano and reared outdoor.
In the third session, the consumers rated the pork
meat following the same procedure explained for the
blind test, but the samples were accompanied by a
label with the same information provided during the
expectation test.
Statistical analyses
The data were analysed using the GLM procedure of
SAS (2010). An ANOVA model, with the diet (CTR and
O), year (2012–2013 and 2013–2014), rearing system
(IN and OUT) and replicate (3/group) as fixed factors,
and with their interactions, was used. For LW data
and blood serum parameters, the sampling time (T1,
T2 and T3) was also included in a repeated measure-
ment ANOVA model. The year of the study (2013 and
2014) and the replicate were found not significant
and removed from the model. For the sensory analy-
ses, the model used included the diet (CTR and O) and
the rearing system (IN and OUT) as the fixed factors,
and the individual animal as a random factor nested
within the fixed factors for each test used (blind,
expected and informed). Data are reported as least
squares means and standard error of the means. Dif-
ferences between means were assessed by Tukey’s test
and considered to be significant when p < 0.05,
and trends or tendencies were indicated for
0.05 < p < 0.10.
Results
Performance
Differences in performance data (Table 2) were
observed in the LW between the pigs reared indoor
and outdoor: pigs showed a lower (p < 0.05) LW
when reared outdoor. An interaction (p < 0.05)
between diet and rearing condition was observed. At
T2 and T3, there was a higher (p < 0.05) LW regis-
tered for the O group, but only under outdoor condi-
tions. The lowest ADG value was found for the CTR
group reared outdoor; no differences were observed
among the other groups. The gain:feed ratio and the
carcass weight were influenced (p < 0.05) only by the
rearing system: the pigs reared outdoor showed the
lowest values.
Blood serum and muscle oxidative status
The pig blood serum AOP (Table 3) was influenced by
diet (p < 0.05) at T2 and T3, whereas no differences
were observed for the blood serum ROM values
(Table 3). The rearing system was shown to affect the
AOP values at T1 and T2, and the ROM values at T3.
No interactions between diet and rearing system were
observed for both the parameters evaluated.
As for the muscle oxidative status (Table 4), no dif-
ferences were reported for GSHPx and GR activities
between dietary groups and rearing systems (Table 4).
A lower TBARs level was detected in the O groups
(p < 0.01) regardless of the rearing conditions.
Table 2 Effects of diet and rearing conditions on the growth performance of pigs
IN OUT
SEM D R D 9 RCTR (n = 18) O (n = 18) CTR (n = 18) O (n = 18)
LW (kg)
T0 38.62 38.69 40.31 39.63 1.084 0.774 0.231 0.731
T1 81.31A 82.38A 82.86A 72.56B 1.955 0.021 0.040 0.005
T2 125.89A 126.32A 112.52B 122.59A 2.475 0.041 0.001 0.047
T3 166.23A 164.78A 147.63B 161.41A 3.049 0.048 <0.001 0.011
ADG (kg) 0.63A 0.61A 0.55B 0.58AB 0.014 0.588 0.080 <0.001
Gain:feed 0.41 0.43 0.38 0.35 0.025 0.178 0.047 0.098
CW (kg) 148.00 146.27 116.80 131.27 5.011 0.219 <0.001 0.121
CTR, control diet; O, control diet supplemented with 0.2% oregano essential oil; IN, indoor rearing conditions; OUT, outdoor-rearing conditions; T0,
day 0; T1, day 77; T2, day 150; T3, day 220; SEM, standard error of the mean; D, diet; R, rearing system; D 9 R, interaction between diet and rearing
system; LW, live weight; ADG, average daily gain; CW, carcass weight.
Means of 18 animals for each group.
Means in the same row with different letters were significantly different (p < 0.05).
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Table 3 Effects of diet and rearing conditions on pig oxidative status
IN OUT
SEM D R D 9 RCTR O CTR O
AOP (lM neutralized HClO)
T1 374.88 379.35 330.44 348.86 14.907 0.446 0.015 0.642
T2 211.12 222.84 190.85 207.93 5.994 0.018 0.004 0.652
T3 264.94 266.05 242.30 274.20 7.883 0.038 0.354 0.052
ROM (mM H2O2)
T1 36.24 35.77 37.44 37.80 2.638 0.984 0.543 0.876
T2 34.68 32.47 33.39 29.66 1.866 0.112 0.269 0.682
T3 26.89 26.84 23.92 22.55 1.144 0.542 0.003 0.573
CTR, control diet; O, control diet supplemented with 0.2% oregano essential oil; IN, indoor rearing conditions; OUT, outdoor-rearing conditions; SEM,
standard error of the mean; D, diet; R, rearing system; D 9 R, interaction between diet and rearing conditions; AOP, antioxidant species in serum;
ROM, reactive oxygen metabolites in serum; T1, day 77; T2, day 150; T3, day 220.
Means of 18 animals for each group.
Table 4 Effects of diet and rearing conditions on muscle oxidative status
IN OUT
SEM D R D 9 RCTR O CTR O
GSHPx U/mg protein 33.9 34.0 33.0 30.0 3.2 0.771 0.603 0.742
GR mU/mg protein 4.14 3.5 3.21 4.04 0.2 0.738 0.528 0.058
TBARs (mg MDA/kg) 0.24 0.16 0.30 0.17 0.024 <0.001 0.115 0.166
CTR, control diet; O, control diet supplemented with 0.2% oregano essential oil; IN, indoor rearing conditions; OUT, outdoor-rearing conditions; SEM,
standard error of the mean; D, diet; R, rearing system; D 9 R, interaction between diet and rearing conditions; GSHPx, Glutathione peroxidase enzy-
matic activity in muscle; GR, glutathione reductase enzymatic activities in muscle; TBARs, thiobarbituric acid reactive substances.
Means of 18 samples of Longissimus dorsi muscle for each group.
Table 5 Effects diet and rearing conditions on meat quality traits
IN OUT
SEM D R D 9 RCTR O CTR O
pH 45 min 6.33 6.38 6.56 6.42 0.057 0.428 0.021 0.103
pH 24 h 5.69 5.67 5.73 5.72 0.019 0.553 0.024 0.932
L* 50.68A 49.40AB 48.58B 49.85AB 0.525 0.991 0.127 0.021
a* 8.75 8.37 9.34 9.30 0.370 0.572 0.046 0.650
b* 6.96 7.08 6.78 7.22 0.276 0.317 0.943 0.558
Drip loss (%) 2.17 1.56 1.99 2.71 0.569 0.909 0.361 0.222
Cooking loss (%) 31.81 31.85 31.31 32.60 1.158 0.516 0.914 0.537
WB shear force (kg/cm2) 4.23A 2.99B 3.42AB 3.18B 0.222 0.002 0.163 0.029
Moisture (%) 72.74 73.09 71.72 72.93 0.356 0.060 0.134 0.265
Protein (%) 22.66 23.00 23.46 22.54 0.364 0.445 0.645 0.123
Lipids (%) 3.47 2.78 3.68 3.41 0.240 0.080 0.116 0.413
Ashes (%) 1.13 1.13 1.13 1.12 0.017 0.716 0.805 0.717
CTR, control diet; O, control diet supplemented with 0.2% oregano essential oil; IN, indoor rearing conditions; OUT, outdoor-rearing conditions; SEM,
standard error of the mean; D, diet; R, rearing system; D 9 R, interaction between diet and rearing conditions.
Means of 18 samples (Longissimus dorsi muscle) for each group.
Means in the same row with different letters were significantly different (p < 0.05).
Journal of Animal Physiology and Animal Nutrition © 2017 Blackwell Verlag GmbH 5
C. Forte et al. Oregano in outdoor- and indoor-reared pigs
Meat quality traits
The results of the pork quality traits are reported
in Table 5. A rearing condition effect was detected
for pH and a* values, with meat derived from
pigs reared outdoor showing higher values for
both parameters (p < 0.05) compared with the
meat derived from pigs reared indoor. Meat light-
ness determination revealed an interaction
between the diet and rearing system (p = 0.021)
with lower L* values in the CTR group reared
outdoor. An effect was also recorded for the WB
shear force, with higher values being recorded for
the CTR group reared indoor compared with both
O groups (p = 0.029), while no differences were
detected between the two control groups. No dif-
ferences were recorded in yellowness, drip loss
and cooking loss between groups. Furthermore,
no differences were observed for proximal chemi-
cal composition.
Sensory analysis
The results of the consumer tests performed under dif-
ferent conditions are reported in Table 6 and Table 7.
A dietary effect was found for the meat consistency in
the blind test, in which the samples derived from the
O groups received higher (p = 0.036) scores compared
with the CTR samples. No differences were recorded
for the other attributes considered in the blind test,
even if a tendency (p = 0.056) for a higher overall lik-
ing score for the O samples was observed. Under
informed conditions, an effect of the rearing condition
for colour and taste attributes was detected. In partic-
ular meat derived from animals reared outdoor
received higher (p < 0.001) scores compared to meat
derived from indoor-reared animals. Differences
(p = 0.049) were found also regarding consistency
and overall liking in informed test: the meat derived
from the O pigs reared outdoor received the highest
scores (p < 0.05) compared with the CTR group
Table 6 Effects of diet and rearing conditions on sensorial properties perceived by consumers in blind and informed tests
IN OUT
SEM D R D 9 RCTR O CTR O
Blind
Colour 5.69 6.16 5.50 5.75 0.271 0.187 0.275 0.687
Taste 6.03 6.09 6.25 5.97 0.234 0.641 0.841 0.463
Consistency 5.53 6.03 5.94 6.50 0.250 0.036 0.083 0.909
Informed
Colour 5.50 5.37 5.94 6.69 0.242 0.199 <0.001 0.073
Taste 5.31 5.50 6.31 5.94 0.246 0.101 <0.001 0.375
Consistency 4.44B 5.34AB 6.06AB 6.69A 0.276 0.006 <0.001 0.049
CTR, control diet; O, control diet supplemented with 0.2% oregano essential oil; IN, indoor rearing conditions; OUT, outdoor rearing conditions; SEM,
standard error of the mean; D, diet; R, rearing conditions; D 9 R, interaction between diet and rearing conditions.
The sensorial analyses were performed by 110 regular meat consumers. Values obtained using a nine-point hedonic scale: higher scores indicate
greater acceptability (from 1, ‘dislike extremely’ to 9, ‘like extremely’).
Means in the same row with different letters were significantly different (p < 0.05).
Table 7 Effects of diet and rearing conditions on overall liking score attributed by consumers in blind, expected and informed tests
IN OUT
SEM D R D 9 RCTR O CTR O
Blind 5.72 6.09 5.84 6.41 0.243 0.056 0.971 0.701
Expected 5.53B 6.31AB 6.69AB 7.06A 0.223 <0.001 0.011 0.035
Informed 5.62B 6.03AB 6.19AB 6.81A 0.246 0.038 0.007 0.047
CTR, control diet; O, control diet supplemented with 0.2% oregano essential oil; IN, indoor rearing conditions; OUT, outdoor-rearing conditions; SEM,
standard error of the mean; D, diet; R, rearing conditions; D 9 R, interaction between diet and rearing conditions.
The sensorial analyses were performed by 110 regular meat consumers. Values obtained using a nine-point hedonic scale: higher scores indicate
greater acceptability (from 1, ‘dislike extremely’ to 9, ‘like extremely’).
Means in the same row with different letters were significantly different (p < 0.05).
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reared indoor for both attributes. The same results




There are no data available in the literature concern-
ing the effects of an oregano-supplemented diet in
free-range-reared pigs. Numerous studies have docu-
mented the positive effects of essential oils on perfor-
mance in pigs (Wenk, 2003; Windisch et al., 2008;),
but none of them have analysed the interaction
between diet and rearing system.
The results of the present study showed a marked
effect of the rearing system on pig performance. The
pigs reared outdoor, regardless of the dietary treat-
ment, showed lower LW, ADG, gain:feed ratio and
carcass weight compared with their indoor counter-
part. In the literature, studies on the consequences of
outdoor rearing on pig performance show controver-
sial results (Millet et al., 2005). Data from the present
work are in accordance with the results obtained by
Bee et al. (2004), who found a lower ADG and gain:
feed ratio in pigs reared outdoor. In contrast, Gentry
et al. (2002) did not report any differences in the
growth rate of outdoor-reared pigs when compared
with traditional indoor conditions.
As for the dietary effect, a positive effect of the ore-
gano essential oil on pig performance was observed in
the present study only when animals were reared
under outdoor conditions. This could confirm that the
response to phytochemicals can become more evident
when the rearing environment is characterized by
more challenges compared to those offered in a con-
trolled situation. The outdoor environment can have
positive and negative effects on pigs. Open spaces and
fresh air can reduce the risk of infections, but, when
outdoor conditions are not ideal as result of uncontrol-
lable climatic events, such as high temperatures in
summer, low temperatures in winter with rainy days
and environmental constraints, such as deep mud and
steep terrain, welfare may be compromised (Edwards,
2005).
Our data are apparently in disagreement with the
results obtained by Ranucci et al. (2015), who used
animals of the same genotype and reared outdoor in
conditions similar to those described in the present
experiment. In that study, the animals were fed a
combination of oregano essential oil (0.1%) and sweet
chestnut wood extracts (0.1%), and no effects on
growth rate due to the dietary treatment were
observed. Possibly, the dose of the dietary supplement
might have influenced the animal response to treat-
ment (Alarcon-Rojo et al., 2013).
Blood serum and muscle oxidative status
The blood serum biomarkers of oxidative status inves-
tigated in this study (AOP and ROM) were always
within the normal range for the species (Ballerini
et al., 2003). The antioxidant status of humans and
animals is affected by genotype, age, sex, activity,
environmental conditions and nutrition (Ballerini
et al., 2003; Basta et al., 2013; Braakhuis et al.,
2013). In this study, the dietary treatment was able to
influence the pig blood serum AOP at T2 and T3. Even
if higher AOP values were observed in the animals
reared indoor (at T1 and T2), outdoor groups showed
significantly lower ROM values vs the indoor groups
at T3. Interestingly, even if the outdoor-reared ani-
mals had to cope with a higher number of challenges
(physical exercise, higher lipid oxidation for the ener-
getic scope and antigenic pressure), the O animals in
the outdoor condition were able to maintain their
AOP values at a level comparable with those regis-
tered for the animals reared under indoor condition,
and tended to show (p = 0.052) higher AOP values at
the end of the trial.
The latter data suggest that after an initial adapting
period, the free-range farming systems are better tol-
erated by pigs.
The antioxidant effect related to the oregano dietary
administration is further highlighted by the differ-
ences observed in the meat samples. Although the
GSHPx and GR activities were not modified by the diet
or the rearing system, the meat TBAR values obtained
in this study (Table 4) confirm the antioxidant effect
of the O diet recorded for the blood. Some authors did
not report any effects of oregano essential oil dietary
supplementation (at the same low dosages adopted in
this study) on the rheological properties and oxidation
susceptibility of the meat from animals reared indoor
(Simitzis et al., 2010). According to these authors, the
antioxidant effect of the dietary oregano could only
influence some quality traits of meat derived from
animals that have to cope with oxidative conditions
derived from the outdoor rearing (Janz et al., 2007).
Meat quality
The data showed a partial effect of the rearing system
and diets on meat quality traits. In particular, higher
pH values, both 45 min and 24 h after slaughter, were
detected in both outdoor-reared groups. The pH
decline usually correlates to the glycogen content of
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the meat (Huff-Lonergan and Lonergan, 2005). Lower
glycogen amounts in pre-slaughtering animals, due to
physical exercise and thermoregulation, can be the
reason for a higher final pH (Immonen and Poulanne,
2000). Nonetheless, several authors did not find any
effect of the rearing system on meat pH (Sather et al.,
1997; Gentry et al., 2002) or a correlation between
the lower pH and outdoor-reared animals (Enf€alt
et al., 1997; Edwards, 2005).
The pH decline leads to different effects on the
water-holding capacity of the meat and its lightness
(Qiao et al., 2007), with reported moderate correla-
tion between the pH and L* values (Brewer et al.,
2001). The pH decline, although significantly different
between the two considered rearing systems, was not
able to affect the water-holding capacity of the meat,
as drip loss and cooking loss were not different
between groups. Furthermore, the meat lightness dif-
fered only between CTR samples. In contrast, in O
meat, an effect on lightness seemed to be mitigated by
the treatment, as no differences were observed. More-
over, no dark firm and dry meat condition were
detected.
Generally, dietary antioxidant substances are not
considered to affect meat lightness but instead con-
tribute mainly to its redness, as the oxidation/reduc-
tion of myoglobin can cause meat discolouration
(Mancini and Hunt, 2005). In this study, no dietary
effects on the a* value were detected in the CTR vs O
meat, probably because of the limited storage period of
the samples before analytical determination; usually
the antioxidant effect on meat redness is highlighted
during preservation (Garrido et al., 2011). Further-
more, only the rearing conditions were able to affect
the meat redness, as animals subjected to improved
physical exercise generally have a more red meat,
mainly from a higher myoglobin content and oxygena-
tion (Gentry et al., 2004; Pugliese et al., 2005).
The WB shear force values were higher in the CTR
group reared indoor. Different opinions are reported
in the literature about the effects of a rearing system
on meat tenderness. Some authors found a reduced
tenderness, while others found an increased tender-
ness, in meat from outdoor-reared pigs (Stern and
Andresen, 2003; Edwards, 2005).
No differences were noticed between groups with
regard to the proximal chemical composition. Although
the common perception of outdoor-rearing animals
having leaner and higher protein meat is confirmed by
some authors (Lebret, 2008), others found higher per-
centages of intramuscular fat in local-breed pigs reared
in free-range conditions (Pugliese et al., 2004, 2005).
Furthermore, the effects of the genotype, feeding level
and the climate conditions, could be partially responsi-
ble of such discrepancies between studies.
Sensory analysis
The data obtained from the consumer test in blind
conditions showed that the influence of diet on the
consumer perception was limited to the consistency
attribute. The consumers probably appreciated the
higher meat tenderness found in the O groups, as
confirmed by the WB shear force determinations.
These results are in line with Janz et al. (2007),
who found no effect of dietary (0.05%) oregano
essential oil on meat quality perception, and Sim-
itzis et al. (2010) who observed a limited influence
of the oregano supplementation (0.5 and 1 ml/kg
feed of essential oil) on tenderness perception and a
tendency in the overall acceptance of meat.
Nonetheless, the studies conducted by both authors
used indoor-reared animals. To our knowledge, no
data are available in the literature about the influ-
ence on consumer preference of the use of oregano
essential oil alone in pigs reared outdoor. Ranucci
et al. (2015) found a positive effect of a combina-
tion of oregano essential oil (0.1%) and sweet
chestnut wood extract (0.1%) on consumer prefer-
ence in meat derived from outdoor-reared pigs.
In the present study, the rearing system did not
affect any of the attributes considered in blind condi-
tions, as reported by Gentry et al. (2002).
The information provided in both expected and
informed conditions seemed to positively affect con-
sumers’ perceptions, both prior to and after tasting the
samples. In particular, the outdoor-rearing systems and
the use of natural extracts as feed additives seemed to
have a positive impact. Specifically, the information
about the farming condition enhanced the meat qual-
ity perception for all the attributes considered, whereas
the information about the oregano supplementation
influenced the overall liking and confirmed the higher
appreciation for the consistency, which had already
been observed under blind conditions.
As a general remark, both the use of natural sub-
stances as feed additives and the animal-friendly farm-
ing practices seemed able to influence the consumers’
perceptions (Grunert et al., 2004; Dransfield et al.,
2005).
Conclusions
The consumer perception of free-range farming sys-
tems has progressed in the last years, and despite the
higher price of meat from free-range animals, the
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interest in such products is relevant. However, free-
range farming systems generally lead to worse perfor-
mance by the animals and to variations in some meat
quality traits that can cause economic loss to the
producers.
The data obtained from the present study show that
dietary supplementation with oregano essential oil
can be effective in reducing the performance loss due
to the outdoor-rearing system without modifying
most of the peculiar traits of the meat. Moreover, ore-
gano increased the oxidative status of the animals and
the oxidative stability of the derived meat, with poten-
tial effects on animal welfare and the shelf life of the
products. A comparison between free-range/outdoor
vs. intensive/indoor breeding should be further inves-
tigated. The differences in the environmental condi-
tions, breeding techniques, hybrids used and feeding
systems, as well as the additives administered with the
diets, can cause the wide discrepancy observed among
the studies already published in the literature.
In conclusion, to better meet the increasing con-
sumer expectations, further studies are needed to
define the role of dietary natural compounds in out-
door breeding and, more generally, in other animal-
friendly farming systems.
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